A survey was made, during 1970 and 1971, of organochlorine pesticide residues in the fatty tissues of 12 mammal, 4 bird, 10 reptile, and 6 fish species collected from areas defined as undeveloped and developed of both the arid and tropical zones of the Northern Territory. Pooled samples were taken of most species. Where possible, each species was sampled from each of the four areas.
several species of free-living birds, captured in Victoria, is the only published information available to date on the occurrence of organochlorine pesticides in Australian wildlife.
The present report details the results of a preliminary survey to determine levels of organochlorine pesticide residues (but not of polychlorinated biphenyls) in the fatty tissues of some Northern Territory native and feral wildlife (including free-ranging cattle).
II. METHODS (a) Study Area
The Northern Territory was arbitrarily divided into four areas (Fig. 1) . The division into arid and tropical zones was according to Gibbs (1969) , and each of these zones was divided into areas that either were undeveloped or had been developed by man. In the undeveloped areas of both arid and tropical zones the only influence from man had been through stock grazing under extensive management systems (Kelly 1971) . In the arid zone the developed area studied was an area within a 20-km radius of Alice Springs, and in the tropical zone it was within a 90-km radius of Darwin.
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~ (b) Sample Collection and Preparation
Collections were made of 32 species including mammals, birds, reptiles, and fish (Table 1 ) during an IS-month period from May 1970 to December 1971. To ensure that animals of both high and low tropic levels were investigated two categories of animals were sampled, viz. (1) predators or scavengers or both, and (2) herbivores. It was not possible to collect identical genera from every area. Where possible, several specimens of each species were collected from a particular area so that residue levels for pooled samples of each species could be determined. However, for seven species (curl snake, Suta suta; perenti lizard, Varanus giganteus; bearded dragon, Amphibolurus barbatus; king brown snake, Pseudechis australis; saltwater crocodile, Crocodylus porosus; carpet python, Morelia spilotes variegata; and slatey grey snake, Stegonotus modestus) only single individuals were available. Animals were shot, trapped, netted, or caught by hand, stored whole in polythene bags, and transported to the laboratory in portable refrigerators or ice boxes. In a few cases renal fat was dissected from animals in the field and from buffalo and cattle in the abattoirs prior to transport to the laboratory.
In the laboratory fatty tissue was dissected from each animal and a pooled sample formed for each species from each area. Renal fat was used if it was present, otherwise subcutaneous or intraperitoneal fat was used. Pooled samples were warmed until the fat melted, filtered, and a subsample analysed. If no fat was obvious, as was the case with some bats, birds, and fish, whole skinned animals were homogenized with anhydrous sodium sulphate, extracted with light petroleum, and evaporated to obtain fat for pooling, subsampling, and subsequent analysis. Subsamples of liver oil of two species of fish were analysed.
(c) Analysis
One-gram samples of fat were given a one-column cleanup on deactivated Florisil (Langlois et al. 1964; Smythe 1971) . Gas-liquid chromatography (g.l.c.) was used for the identification and quantification of residues of organochlorine pesticides and metabolites. Confirmation was by g.l.c. on a column of different polarity, or by thin-layer chromatography.
G.l.c. was carried out on 0·6-cm outer diam. by 1·8-m columns packed with 2% OV-1 and 3% QF-1 on Gas Chrom Q, 80-100 mesh, or with 1 % NPGS (neopentyl glycol succinate) and 1 % QF-1 on Gas Chrom Q, 80-100 mesh, at 220°C, with a nitrogen carrier gas flow rate of 40 cm 3 /min. The instrument used was a Packard series 7500 equipped with an electron capture detector with a 63Ni source.
Workers in many countries have found analytical interference from polychlorinated biphenyls (PCB) (Peakall and Lincer 1970) . Much of the analytical work for this study was completed before the widespread occurrence of PCB was verified and PCB interference values were not estimated.
Residues are expressed as parts per million on a fat basis or a liver oil basis. The lower limit of detection was 0·01 p.p.m. for all organochlorine compounds.
III. RESULTS
One or more of eight organochlorine compounds were found in those samples that had detectable residues. These compounds were p,p'-DDT [1,1,I-trichloro-2,2- (1,2,3,4,10,10-hexachloro-6, 7 -epoxy-l ,4,4a,5, 6, 7,8,8a-octahydro-l, 4-endo,exo-5,8-dimethanonaphthalene) , ReB (1 ,2,3,4,5,6-hexachlorobenzene), lindane (y-l,2,3,4,5,6-hexachlorocyclohexane), endrin (1,2,3,4,10,1 0-hexachloro-6, 7-epoxy-l ,4,4a,5,6, 7,8,8a-octahydro-1 ,4-endo,endo-5,8-dimethanonaphthalene) , and aldrin (1,2,3,4,10,1 O-hexachloro-1 ,4,4a,5,8,8a-hexahydro-l ,4,5,8-dimethanonaphthalene) .
In all, 62 % of samples from the arid zone undeveloped area showed no residues, while the remaining 38 % contained one or more of five organochlorine compounds (DDE, dieldrin, ReB, DDT, and DDD) ( Table 2) . Similarly, 59 % of samples from the tropical zone undeveloped area had no residues and the remaining 41 % contained one or more of six organochlorine compounds (DDE, DDT, dieldrin, DDD, ReB, and lindane) ( Table 3) .
Pesticide residues were more common in animals collected in developed areas. Animals collected near Alice Springs and Darwin had residue levels up to 30 times higher than those caught in remote undeveloped areas. Two or more of eight organochlorine compounds (DDE, dieldrin, DDT, ReB, lindane, DDD, endrin, and aldrin) were found in 94 % of samples from the Alice Springs arid developed area (Table 4) , and one or more of six organochlorine compounds (DDE, DDT, dieldrin, DDD, ReB, and lindane) were found in 69 % of samples from the Darwin tropical developed area (Table 5) . ' " 0·32
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IV. DISCUSSION
The majority of species from undeveloped areas, both arid and tropical, had no detectable organochlorine residues. In those samples with residues, DDE, a metabolite of DDT, was the one most often found in animals from these remote areas. Residue levels were generally low, with the highest level for any individual pesticide being 3· 91 p.p.m. of DDE in one sample from a forktailed kite. Undevel- Scheme, individuals of these species, banded as nestlings, have been known to travel several hundred kilometres, although most recoveries of banded birds have been at or near the banding place (Purchase, personal communication). Fish samples presumably accumulated residues from atmospheric dust through rainwater washed into rivers, since there have been no pesticides used in the areas through which these rivers flow.
An attempt was made to find possible sources of the organochlorine residues detected in samples collected in the two developed areas. In Alice Springs, DDT and dieldrin are readily available in retail stores for use on home gardens, and lindane ' "
and aldrin are sold in garden-pest dusting compounds. HCB is found in fungicidal seed dressings. A possible source of endrin has not been found. Methoxychlor and heptachlor are commercially available but were not detected in wildlife samples. In answer to a questionnaire, agriculturalists indicated that organochlorine compounds have been used on fruit and vegetable crops. In Darwin, DDT has been extensively used for mosquito control from 1945 until 1970, when pyrethrin was introduced for fogging programmes. DDT, dieldrin, and lindane are available in retail stores and are widely used in domestic gardens. HCB is used as a fungicide on seeds. There are only a few agricultural leases in the Darwin area and, in personal interviews, leasees indicated that organochlorine compounds are sometimes used on fruit and vegetable crops. Pesticide residues in fish samples were presumably derived from chemicals used on the land. In the past, DDT was the pesticide of choice throughout the Northern Territory, but since 1962, when legislation was passed banning DDT in cattle dips (Anon. 1962) , there has been a greater public awareness of the possible disadvantages of accumulative pesticides and an increased popularity for alternative pesticides. The main source of PCB in the environment is believed to be industrial waste (Holmes et al. 1967) , and although the Northern Territory is isolated from large-scale industrial activity analysis for PCB will be included in future surveys. In all study areas the carnivorous animals, high in food chains, were those with the highest residue levels. This is in keeping with other studies (e.g. Riseborough et al. 1967; Robinson et al. 1967; Woodwell et al. 1967 ). However, galahs, which are herbivorous, also showed a variety of residues, particularly those caught in the Alice Springs urban area. The highest level of organochlorine residues was found in an olive python, apparently in good health, from the tropical developed area, with a total of 54· 26 p.p.m. in the body fat. No explanation for this relatively high level can be offered.
Animal species that are widely distributed, reasonably abundant, and readily available should be chosen for monitoring studies (Dustman et al. 1971 ). As few animal species are common throughout the Northern Territory, it is difficult to choose anyone species that complies with all these conditions. In the present study, feral water buffalo, cats, and foxes were investigated because they are common in parts of the Northern Territory, and cattle were included because in northern Australia they commonly exist as a semi-feral animal. The brown falcon (Falco berigora) and the mouse (Mus musculus) also meet the three requirements and could be included in future monitoring programs.
There is evidence that populations of many species of raptorial and fish-eating birds are declining both in Europe (Ratcliffe 1967) and in North America (Hickey and Anderson 1968) . These population declines have been related to low levels of dieldrin, endrin, or heptachlor in the tissues. It is also thought that levels of DDT above 2 or 3 p.p.m. may cause serious damage to bird popUlations (Stickel 1969) . It is impossible to assess any effect of residues on the two raptorial species in the present investigation as there are no appropriate long-term studies to indicate population changes. However, we have shown that individuals of these two species do have residues of dieldrin as high as 10 p.p.m., and residues of DDT and its metabolites of up to 12 p.p.m. Now that a base line has been established it would be informative to repeat the study after several years.
